Preparations of the 3o x io 3 mol. wt. protein (p3o) of Rauscher murine leukaemia virus (R-MuLV) which had been purified to homogeneity as judged by gel electrophoresis in the presence of SDS and by amino-terminal amino acid analysis, showed considerable isoelectric heterogeneity. It was found that R-MuLV p3o polypeptide chains are easily converted in vitro into chains with more acidic isoelectric points. R-MuLV P3O polypeptides with different isoelectric points displayed the same set of 12SI-labelled tryptic peptides. It is concluded that the charge heterogeneity of R-MuLV p3 o, as revealed in isoelectric focusing experiments, is not caused by genetic heterogeneity of the virus genome but by post-translational modification.
Mammalian type C RNA tumour viruses contain a 30 × Io 3 mol. wt. protein, designated p3o (August et al. I974) , as the major internal component. Analyses by isoelectric focusing revealed significant isoelectric heterogeneity for the p3o polypeptides of a great number of murine leukaemia viruses (Oroszlan et I977; Forchhammer & Turnock, I978) . The observed heterogeneity could be due to the presence in the p3o samples of components with different primary structures. Such different forms of murine type C virus P3O have been designated as isop3os by Chuat et al. (I977) . The existence of isop3os has not been confirmed so far by peptide mapping or sequence analyses. In contrast, Oroszlan et al. (I974) have shown that two AKR-MuLV p3o components with different isoelectric points (pI 6"7 and pI 6.2) yielded identical tryptic peptide maps, suggesting that these two components have similar primary structures.
Isoelectric heterogeneity of p3o polypeptides could also be the result of a functional posttranslational modification, especially as Ledbetter (I979) observed p3o charge isomers intracellularly. Finally, it is possible that the isoelectric heterogeneity of the p3o proteins has been induced by non-physiological post-synthetic modifications during isolation of the viruses and subsequent purification of the proteins.
The experiments described in this paper were performed with the intention of settling whether the heterogeneity of R-MuLV p3o, as revealed in isoelectric focusing experiments, can be an artefact of the preparation or due to the presence in the preparation of polypeptides with different primary structures.
Rauscher murine leukaemia virus (R-MuLV) grown in JLS-V9 cells was obtained as a sucrose gradient-purified preparation from Litton Bionetics, through the courtesy of Dr J. Gruber (Office of Resources and Logistics, National Cancer Institute, U.S.A.). R-MuLV P3O was purified by gel filtration on Sepharose CL-6B in 6 g-guanidine-HC1 as described previously (Brouwer et al. t 979) . Purified preparations of p3o were found to be homogeneous as judged by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and by amino-terminal amino acid analysis (Brouwer et al. I979) .
Preparations of R-MuLV p3o were subjected to isoelectric focusing according to Wrighley (I968) in polyacrylamide gels (0-6 × Io cm) containing 6 M-urea. In order to avoid carbamylation of protein by cyanate (Poulik, After isoelectric focusing of a preparation of purified R-MuLV p3o, bands with isoelectric points of 6"7, 6"4 and 6.2 were cut from the gel and again subjected to isoelectric focusing. (,c) Re-focusing of the pI 6"7 component; the pI 6"7 position is indicated by the arrow. (d) Re-focusing of the pI 6"4 component. (e) Re-focusing of the pI 6"2 component. The gels contained 1% ampboline, pH 3"5 to IO plus 1% ampholine, pH 5 to 7 (LKB, 13romma, Sweden). The pH gradients are indicated by the numbers next to the gels.
were deionized on a mixed bed ion-exchange column, supplemented with methylamine (Kurland et al. I97I) and stored frozen. After electrofocusing, protein-containing gels were washed with IO% trichloroacetic acid (TCA) and stained with Coomassie brilliant blue. Identical gels to which only sample buffer (6 M-urea, r o % sucrose, 5 mM-2-mercaptoethanol) had been applied were run in parallel and used for the determination of the pH gradient. Examples of results obtained with different preparations of R-MuLV p3o are shown in Fig.  I (a, b) . The isoelectric points (pI) of the major p3o species in these preparations were 6"7, 6"4, 6-2 and 6.0. Some minor components are usually seen in the more acidic regions of the pH gradients. In one preparation (Fig. I b) only the pI 6"4 and pI 6.2 polypeptides were present. The fact that the relative amounts of the p3o polypeptides in different preparations of R-MuLV p3o varied considerably suggested that some of these polypeptides had been derived from others. Therefore, the relationship between each of the different isoelectric forms of p3o was investigated. Purified R-MuLV p3o was subjected to isoelectric focusing and protein bands were visualized as white precipitates after a 5 min incubation in m % (w/v) TCA. Components with isoelectric points of 6"7, 6"4 and 6.2 were cut from the gel. The gel slices were subsequently washed with 7 % acetic acid, crushed, lyophilized, rehydrated in sample buffer and again analysed by isoelectric focusing. The result of such an experiment is shown in Fig. I (c to e) . The component with pI 6"7 had been converted into more acidic components with pI 6"4 and 6.2 (Fig. I c) . The component with pI 6"4 had been converted partially into a component with pI 6.2 (Fig. ~ d) . On: Sun, 06 Jan 2019 23:59:00 Fig. 2 . Patterns obtained with l*SI-labelled tryptic peptides of isoelectric variants of R-MuLV p3o. Digests were applied to cellulose thin-layer plates and separated by ascending chromatography followed by electrophoresis. The origin of each fingerprint is at the lower right corner. Electropttoresis is from right to left. Differences between the patterns have been marked by arrows.
almost unchanged in this experiment. Only a small portion had undergone a shift to pI 6.o (Fig. I e) . In other experiments it was found that the pI 6.o component, together with the pI 6"4 and pI 6.z components, could also be derived from the pI 6"7 component (not shown).
From these experiments it is clear that the more acidic forms of p3o can be derived from less acidic ones. Since the tool. wt. of isolated pl components had not changed, as was estimated by SDS-PAGE (Laemmli, I97O), it was expected that the primary structure had remained the same. To confirm this and to investigate whether the conversion of pI variants is associated with the appearance of characteristic tryptic peptides, the 125I-labelled R-MuLV p3o was subjected to isoelectric focusing and the tryptic peptide patterns of different 125I-containing peaks in the gel were compared.
R-MuLV p3o (Io #g) was labelled with 1251 to asp. act. of Io 6 to lO 7 ct/min/#g by the chloramine-T method (Greenwood et al. I963) . Bovine serum albumin (2oo/zg) was added as carrier protein and TCA was added to a final concentration of I o %. After 15 rain on ice the precipitate was collected by centrifugation, washed once with ~o% TCA and twice with cold 96 % ethanol. The air-dried pellet was solubilized in sample buffer and analysed by isoelectric focusing and SDS-PAGE.
When the labelled protein was subjected to SDS-PAGE, a single peak containing 125I corresponding to a mol. wt. of 3o × Io s was found in the gel whereas about ~o% of the radioactivity applied to the gel migrated at the dye front.
Radioactive labelling of the protein with 125I did not change the isoelectric focusing pattern substantially. The isoelectric points of the most prominent peaks were 6"4, 6.2 and 6.o. The relative amount of the peak containing 125I at pI 6"7 was always greatly reduced compared with the amount of this component in the unlabelled p3o preparation.
After isoelectric focusing, gels were divided into I'5 rnm slices. Slices containing 125I-labelled polypeptides focusing at pI 6"4, 6.2 and 6.o were washed for 5 h with o'o5 M-NH4-HCO3, pH 8"9, Trypsin-TPCK (Worthington Biochemical Co., Freehold, N.J., U.S.A.) was added to a concentration of 2oo #g/ml and the slices incubated at 37 °C, after which the solution was removed and lyophilized. The samples were dissolved in 2o #1 electrophoresis buffer (pyridine-acetic acid-water; I : ro :89, pH 3"5). I × ~o 5 to 2 × IO 5 ct/min were spotted on 2o × 2o cm cellulose thin-layer plates (Merck, Darmstadt, F.R.G.). The samples were then chromatographed in butanol-acetic acid-water-pyridine (15:3 "I2"IO), dried and electrophoresed at 9oo V for I h in electrophoresis buffer. The plates were dried and anzlysed by autoradiography using Sakura X-ray films. As shown in Fig. 2 , almost completely identical patterns were obtained for these p3o polypeptides. Differences between these patterns concern low-intensity spots only. These spots were not reproducibly present and therefore do not indicate genetic diversity of the isoelectric variants of p3o. They may represent nontyrosine-containing peptides which are labelled to a variable degree in different experiments. They may, however, also have originated from radio-damaged p3o fragments focusing at the same isoelectric point as one of the p3o charge variants.
We have shown that polypeptide chains are easily converted in vitro into chains with more acidic isoelectric points. Such transitions probably also occur upon isolation of viruses and purification of virus proteins. This could explain the variations in the relative amounts of the p3o species found in different experiments and the widely divergent values for the isoelectric points of R-MuLV p3o reported in the literature (Oroszlan et al. I974; Chuat et al. I977; Karshin et al. I977) .
The nature of the post-synthetic modifications responsible for the shift towards more acidic isoelectric points does not follow unequivocally from the results obtained. Charge heterogeneity related to variable degrees of phosphorylation or glycosylation cannot be involved in our experiments because mammalian type C-virus p3o polypeptides are known not to be phospho-or glycoproteins (Stephenson et aL 1978) . The most likely post-synthetic modification resulting in charge heterogeneity is deamidation of the protein. The instability of the amino acids glutamine and asparagine with respect to hydrolytic deamidation under relatively mild conditions is well known (Robinson & Rudd, 1974; McKerrow, 1979 Oroszlan et aL (1974) compared the tryptic peptide patterns of two AKR-MuLV p3o components with isoelectric points of 6"7 and 6.2. No clear differences between the maps of these components were found. We also obtained identical patterns for l~SI-labelled (i.e. mainly tyrosine-containing) peptides of different isoelectric forms of R-MuLV p3o consistent with genetic identity of these isoelectric variants and with the generation of more acidic pI variants from the more basic components.
Whether or not R-MuLV p3o or the p3o polypeptide of any other type C virus contains a region of variable primary structure can only be definitively assessed by primary structure analyses. Our results do not rule out a possible physiological role of p3o charge isomers but show that the charge heterogeneity, as detected in preparations of p3o, can in any case be due to experimental artefacts.
